Empirical growth studies have often found average years of schooling to be unrelated with economic growth. This note shows that the significant positive effect of schooling can only be realised after an economy crosses a threshold level of development.
Introduction
There has been a dramatic rise in schooling in developing countries between 1970 to 2010 with the average years of schooling rising by more than double (from 2.99 to 7.02)
1 . While microeconometric studies find high private rates of return for schooling, empirical growth studies have often 1 found an insignficant, and even negative, impact of human capital on economic growth for these countries. This has prompted a big question "Where has all the education gone?" (Pritchett 2001) .
In this note, we argue that an economy needs to cross a certain level of development in order to acquire the capacity to utilise the productivity of human capital efficiently.
Explanations offered to account for these apparent contradictions can broadly be divided into two strands. According to the first, it is the issue of data and differences in methodologies, for example, misspecification and measurement error (Benhabib & Spiegel 1994 , Krueger & Lindahl 2001 , existence of outliers (Temple 1999) , and lack of data quality (de la Fuente & Doménech 2006 , Hanushek & Kimko 2000 , Hanushek & Wößmann 2007 , Cohen & Soto 2007 . But more recent studies emphasize economic reasons for these differences. Such examples include Rogers (2008) who shows that country specific characteristics such as corruption, black market premium and brain drain make human capital unproductive while Schündeln & Playforth (2014) emphasize the need to consider the social returns to human capital.
We argue that there may be a much simpler explanation, where schooling may not automatically transform into human capital because of poor educational institutions, nor be channelled into productive use due to lack of institutional efficiency in the economy 2 , both of which improve with the level of development of the economy. Using a dynamic panel threshold model developed by Kremer, Bick & Nautz (2013) , which is essentially an extension of the Hansen (1999) static set up, this note shows that the positive impact of human capital may not arise unless an economy is above a threshold level of development.
This note is organized as follows. Section 2 describes the data and tests for heterogeneity in the impact of average years of schooling. Section 3 presents the dynamic thresholds model and its results while section 4 presents the robustness tests. Section 5 concludes.
Data and Initial Test for heterogeneity
We use an unbalanced panel of 126 countries covering the period from 1970-2012. Following convention, long-run effects on growth are investigated using non-overlapping 5 year averages giving a total of 911 observations and 9 data points for each country 3 . The dependent variable is the growth rate of GDP per capita taken from the World Development Indicators (WDI) 1960-2013.
Human capital is measured as average years of schooling taken from Barro & Lee (2013 Notes: Standard errors in brackets. *p < 0.10, **p < 0.05, ***p < 0.01. Columns (1), (2), (4) and (5) are estimated by one-step system GMM estimator. The models include time dummies. Columns (1) and (4) are without excluding outliers and columns (2), (3), (5) and (6) are after excluding outliers. Columns (3) and (6) are estimated by fixed effects estimation. The Hansen test is distributed as χ 2 under the the null hypothesis that the over identifying restrictions are valid.
Separating the samples of developed and developing countries, we estimate the following equation using fixed effects (FE) and one-step system GMM estimators:
where growth is the growth rate of GDP per capita, human capital is average years of schooling, initial is log of initial GDP per capita, ε is the error term, i indicates country, and t indicates time period. z jt includes all other explanatory variables.
Fixed effects averages equation (1) over time for each i and subtracts it from equation (1) to remove county-specific effects, while GMM estimation controls for endogeneity. To remove outliers, we first run one-step GMM estimation of the model and then apply the Hampel Identifier (HI), as suggested in Wilcox Rand (2005), to the regression residuals stacked over time and individual countries (R i ) and treat any observation as an outlier for which the following is true:
where M is the median of observations R 1 , R 2 , ..., R n , MAD is the median of the centred absolute
6745 is the 75th quantile of the standard normal distribution, and c = 2.24 is a cut-off point. Table 1 reports the effects of human capital on economic growth for a sample of developing and developed countries. Columns 1 -3 show that human capital has an insignificant effect on growth in developing countries in case of both GMM and fixed effects estimation. But for developed countries, while the impact of human capital on growth is insignificant in column 4, after accounting for outliers in column 5, the human capital coefficient not only increases in magnitude but also becomes significant at 10%. In the case of fixed effects estimation in column 6, the coefficient is again positive and significant at 5%. These results motivate our argument that less developed countries experience little or no impact of human capital on growth whereas countries at a higher level of development experience a positive and significant impact.
3 Dynamic Panel Threshold Model of Human Capital and Growth
We use the dynamic panel threshold model developed by Kremer et al. (2013) in order to identify development thresholds in the relationship between human capital and economic growth (y it = dgdp it ), after controlling for endogeneity of initial income (gdp it−1 ) as a crucial regressor. In their model, by applying the forward orthogonal deviations transformation to eliminate individual effects suggested by Arellano & Bover (1995) , they combine the instrumental variable estimation of the cross-sectional threshold model introduced by Caner & Hansen (2004) with the panel threshold model of Hansen (1999) 4 . The equation is as follows:
where y it is the growth rate of real GDP per capita, µ i is the country specific fixed effect, and the regime dependent variable is human capital, h it , measured by average years of schooling. I(·) is the indicator function indicating the regime defined by the threshold variable k it (i.e., the capital stock per capita), taken as the proxy for the level of development. z it is the vector of exogenous (z 1it ) and endogenous (z 2it ) control variables with regime independent slope coeffcients. Log of Initial income (GDP) per capita (initial) is considered as the endogenous variable, i.e., z 2it = initial, while z 1it contains the remaining control variables, and δ 1 is the regime intercept common to all cross-sections, as suggested by Bick (2010) . withẑ 2it is estimated repeatedly by least squares for each value of the thresholds, γ. Then the corresponding least square estimates of the parameters and the sum of squared errors, denoted by S(γ) are recorded. The estimator for the threshold parameter, γ, is chosen which minimizes the sum of squared errors, i.e.,γ = arg min γ S n (γ).
In accordance with Hansen (1999) and Caner & Hansen (2004) , the critical values for determining a 95% confidence interval of the threshold value are Γ = {γ : LR(γ) ≤ C(α)}, where C(α) is the 95% percentile of the asymptotic distribution of the likelihood ratio statistic LR(γ). Finally, the 4 Please see Kremer et al. (2013) for details. The p-value for the Hansen J test is 0.4479 implying that we do not reject the null that the instruments are valid. Countries having a capital stock per capita greater than the threshold level (these include OECD and other high income countries, oil-rich and newly industrialised countries, and upper middle-income countries) experience positive and significant effects (θ 2 ) of human capital whereas there is an insignificant link (θ 1 ) between growth and human capital below this threshold level (these include African countries such as Benin, Burundi, Cameroon, Ghana, and less developed South Asian countries such as Bangladesh, Nepal and Pakistan).
Other explanatory variables are estimated with expected signs and significance. Initial income has a significant negative coefficient which confirms convergence. The estimated coefficients for both investment as a percentage of GDP and trade as a percentage of GDP are positive and highly significant, implying that increases in investment and trade tend to raise the growth rate of an economy. The coefficient for M2 as a percentage of GDP is also positive and significant. In the case of government expenditure as a percentage of GDP, the coefficient is negative and significant. Table 3 reports the results of robustness tests, where column 1 uses average years of secondary schooling as an alternative measure. To deal with the issue of endogeneity, columns 2 and 3 use one-year lagged endogenous explanatory variables for total and secondary schooling.
Robustness Tests
Another important point in empirical studies is that the results may depend on the number of instruments used (Roodman 2009 ). In finite samples there might be a trade-off between bias and efficiency (Kremer et al. 2013) . To overcome this, with average years of schooling we use two different specifications with one including all the possible lags as instruments and the other with just one lag. Results are presented in columns 4 and 5 of table 3. Our results show that the choice of instruments has no major impact on our previous results.
As can be seen in all five columns of table 3, our previous findings remain largely robust. However, in column (2), the estimated coefficient for human capital below the threshold becomes statistically significant at 10%, though its impact above the threshold level is more than double and is also statistically significant at 1%. This supports our contention that human capital has a much greater impact at higher levels of development. The coefficient estimates of trade openness, government spending and the liquidity ratio retain their signs and significance thus reinforcing our previous findings, though coefficients of investment and population growth lose significance in some cases.
Conclusion
The accumulation of human capital is considered as an important determinant in the process of economic growth. Despite a large literature there is still an ambiguity regarding its role in growth as a number of empirical studies have found an insignificant, in some cases even negative, impact of human capital on growth. However, the focus of these studies has been more on issues related to the use of data and methodology and they assume that the impact of human capital is the same across countries.
Using a dynamic threshold model, we show that the reason for the apparent irrelevance of human capital (proxied by average years of schooling) for generating growth in an economy lies with its level of development. This implies that human capital accumulation cannot assert its productive role in the process of growth until an economy crosses a threshold level of development. Our finding remains robust across various tests. What helps human capital to assert its productivity at a higher level of development provides an interesting opportunity for further work.
